ABSTRACT 'Jupiter' (Reg. No. CV-1076, PI 664079) soft white winter wheat (Triticum aestivum L.) was developed by Michigan State University (MSU) AgBioResearch and released in 2010 via an exclusive licensing agreement through MSU Technologies. In addition to researchers at MSU, USDA-ARS researchers at the Soft Wheat Quality Laboratory (Wooster, OH) conducted quality evaluations during Jupiter's development, deoxynivalenol testing was performed at the University of Minnesota, and molecular marker analyses were performed at the USDA-ARS Regional Small Grains Genotyping Laboratory (Raleigh, NC). The objective of the cross was to create a high-yielding soft white winter wheat cultivar adapted to Michigan and the surrounding region with good agronomic performance and acceptable quality. Soft white winter wheat is used in many wheat related industries and is a large portion of the wheat market in Michigan. Jupiter (experimental numbers E5011B and E5011) is an F 5 -derived line developed via pedigree breeding. Jupiter exhibits a stable and high level of performance including high yield and resistance to powdery mildew [caused by Blumeria graminis (DC.) E.O. Speer]. Jupiter is short and awnletted (i.e., lacks full-length awns), two characteristics preferred by many Michigan farmers. Although Jupiter is susceptible to Fusarium head blight (caused by Fusarium graminearum Schwabe), it is not statistically different than 'Caledonia', a widely grown soft white winter wheat in Michigan.
'J
upiter' (Reg. No. CV-1076, PI 664079) soft white winter wheat (Triticum aestivum L.) was developed by Michigan State University (MSU) AgBioResearch and released in 2010 via an exclusive licensing agreement through MSU Technologies. In addition to researchers at MSU, USDA-ARS researchers at the Soft Wheat Quality Laboratory (Wooster, OH) conducted quality evaluations during Jupiter's development, deoxynivalenol (DON) testing was performed at the University of Minnesota, and molecular marker analyses were performed at the USDA-ARS Regional Small Grains Genotyping Laboratory (Raleigh, NC). Additional regional testing was conducted in the Northern Uniform Winter Wheat Scab Nursery in 2010 and the Uniform Eastern Soft White Winter Wheat Nursery in 2008 and 2009 in cooperation with state breeding and cooperative extension programs, as well as private breeding and testing programs. The objective of the cross was to create a high-yielding soft white winter wheat cultivar with good agronomic performance and acceptable quality adapted to Michigan and the surrounding region. Soft white winter wheat is used in many wheat-related industries and is a large portion of the wheat market in Michigan. Jupiter exhibits a stable and high level of performance including high yield and resistance to powdery mildew [caused by Blumeria graminis (DC.) E.O. Speer]. Jupiter is short and awnletted (i.e., lacks full-length awns), two characteristics preferred by many Michigan farmers. Although Jupiter is susceptible to Fusarium head blight (FHB; caused by Fusarium graminearum Schwabe), the level of DON mycotoxin is signifi cantly better than that of 'Ambassador' (PI 656845; Lewis et al., 2010a) and 'Caledonia' (PI 610188; Sorrells et al., 2004b) , two widely grown soft white winter wheats in Michigan. Jupiter was released because of its high yield, white grain color, lack of full awns and short stature.
Materials and Methods

Early-Generation Population Development
Jupiter (tested under experimental names E5011B and E5011) was developed using a pedigree breeding method from the cross Caledonia/'Richland' (PI 632399; Sorrells et al., 2004a) made in the greenhouse in the spring of 2000 at MSU. Caledonia and Richland are both soft white winter wheat cultivars developed by the Cornell Agricultural Experiment Station and released in 1998 and 2001, respectively. The F 1 seed was advanced in the greenhouse and harvested in bulk in 2001. The F 2 seed was assigned the population number Z10008 and was planted in the fi eld in the fall of 2001 in three bulk-derived space-planted plots (15.2 m long, four rows, 38-cm spacing between rows, 17.8-cm spacing of seeds within a row). Throughout development, all space-planted plots had the same dimensions and were sown in Mason, MI unless otherwise noted. From one F 2 plot, 14 plants were selected and planted as F 2:3 spaceplanted plots in the fall of 2002. From a single F 2:3 plot, 3 plants were selected and planted as F 3:4 space-planted plots (6.7 m long, four rows, 38-cm spacing between rows, 17.8-cm spacing of seeds within a row) in the fall of 2003. From a single F 3:4 plot, a single plant was selected and planted as a F 4:5 space-planted plot in the fall of 2004.
Advanced-Generation Development
From the F 4:5 plot, four plants were selected and spaceplanted as F 5:6 plots in the fall of 2005 (designated as 2006 plot numbers 2150 through 2153), while the remainder of the F 4:5 plot was harvested in bulk and planted in the 2006 preliminary yield trial (PYT; yield trial names are designated by the year in which they were harvested) with experimental line designation E5011. From one F 5:6 spaceplanted plot (2153), three plants were selected and planted as F 6:7 space-planted plots in the fall of 2006, while the remainder of plot 2153 and the two other F 5:6 space-planted plots were bulk-harvested and planted as F 5:7 in the 2007 advanced yield trial (AYT). Two of the F 6:7 space-planted plots were selected from which two and three plants were selected and planted as F 7:8 space-planted plots and designated E5011B. The remainder of the two selected plots F 6:7 space-planted plots were bulk-harvested and planted as F 5:8 in the 2008 Michigan State Performance Trial (MSPT) under the designation E5011B. From three F 7:8 plots (2008 plots 1076, 1077, and 1078) 13 plants were selected in total and planted as F 8:9 space-planted plots in the fall of 2008. In addition, a bulk of one (1076) of the three selected F 7:8 plots was planted in an F 7:9 space-planted plot. The remainder of this bulk plot (1076) and one additional (1078) F 7:8 plot were bulk-harvested and planted as F 5:9 in the 2009 MSPT. Bulk harvests of seven F 8:9 space-planted plots in combination with a bulk harvest of the F 7:9 space-planted plot were provided to Michigan Crop Improvement Association as F 5:10 breeder seed for increase in Arizona in the fall of 2009 and designated as E5011. Concurrently, bulk-harvested seed of two of the selected F 8:9 plots (2009 plots 1059 and 1064) was planted as F 6:10 in the 2010 MSPT (designated as E5011), and the same seed was used to plant 23 F 6:10 space-planted plots.
In addition, single plant selections from the two bulk-harvested F 8:9 plots (1059 and 1064) as well as single-plant harvests of three additional F 8:9 plots (1056, 1062, and 1063), all of which were associated with the plots bulk-harvested for seed increase in Arizona, were planted as F 9:10 space-planted plots for additional increase.
Yield Trial Design
E5011 (E5011B) was included in the following replicated yield trials harvested in 2006 through 2011: PYT (2006) , AYT (2007) , and MSPT (2008 MSPT ( −2011 . Yield trial plots were planted in the following manner: All were planted in six locations throughout Michigan. Plots were 3.7 m long with six rows and 19.0-cm row spacing, and the seeding rate was the equivalent of 4.94 million seeds ha −1
. Trials consisted of four-replication α-lattice designs at each site. Fall fertilizer application varied by cooperator, and nitrogen was applied in the spring as urea (100.9 kg ha −1 actual N). No foliar fungicides were applied, and weeds and insects were controlled as needed with Harmony Extra (DuPont) and Lannate (DuPont), respectively. All but one of the yield trial sites in 2008 was harvested on a single day (a single site per day). However, analysis of data from the site where the harvest was divided into two different days revealed that the yield and test weight were not noticeably impacted. In 2006 and 2008, one and two yield trial sites, respectively, were not harvested because of various problems. Yield was calculated using the entire plot area, including the wheel tracks between the plots. Yield and test-weight data were collected for all harvested locations and replications of the yield trials in each year. Other data were recorded opportunistically, because some traits were not apparent in all years. For each year of the MSPT reported, data were collected from at least two replications in a single location. Since grain color was a major distinction between entries in the trial, grain color was also recorded.
Line Selection and Evaluation
Selection before the F 6 was based on visual evaluation of winter survival, plant height, lodging, maturity, grain appearance (including resistance to black point, caused by Alternaria spp. and various other fungi), general adult-plant reaction to powdery mildew, Wheat spindle streak mosaic virus, leaf blotches [causal organisms were not specifi cally identifi ed but were probably a combination of Stagonospora nodorum (Berk.) Castellani & E.G. Germano and Septoria tritici Roberge in Desmaz.], and leaf rust [caused by Puccinia triticina (Ericks.)]. Selection based on many of these traits was very much infl uenced by environmental conditions that made them evident in some years, but not all. From the F 6 onward, E5011 was evaluated in replicated multilocation yield trials in Michigan, where milling and baking performance were used as selection criteria in addition to the standard yield-test criteria.
Traits measured in replicated trials conducted from 2006 onward in Michigan included grain yield (adjusted to 13% moisture before 2010, and 13.5% in 2010 and following years), test weight (grain volume weight), fl owering date, plant height, and black point. Additionally, the following traits were observed and recorded on a scale of 0 to 9, where 0 was desirable: plant lodging, winter injury, leaf rust, stripe rust (caused by Puccinia striiformis Westend.), powdery mildew, leaf blotch, Barley yellow dwarf virus, and Wheat spindle streak mosaic virus.
In each year that E5011 was included in a Michigan yield trial (2006) (2007) (2008) (2009) (2010) (2011) , it was also included in MSU's artifi cially inoculated and overhead-irrigated FHB screening nursery. Plot sizes, inoculation methods, and number of replications evaluated in the FHB nursery varied by year. The FHB data from the MSPT reported here (2009) (2010) (2011) were from trials inoculated with wheat and barley (Hordeum vulgare L.) grain that were colonized with F. graminearum lineage 7 (O'Donnell et al., 2000) . Inoculum was spread in the trial at a rate of 27 to 33.6 kg ha −1 (rate varied by year) on each of two inoculation dates. The fi rst inoculation was conducted when it was predicted that anthesis would begin in approximately 2 to 3 wk, and the second inoculation was conducted 2 wk following the fi rst inoculation. Genotypes were planted as one-row plots that were 1.5 m long. Overhead (mist) irrigation was employed on an hourly schedule following the application of inoculum and through the completion of fl owering. Data on both the incidence and severity were collected and used to calculate the FHB index (FHB index equals the product of incidence and severity, divided by 100) to represent the percentage of overall FHB infection in a plot. Deoxynivalenol mycotoxin data were also collected from samples harvested from the FHB nursery fi eld trials. Deoxynivalenol was quantifi ed in milligrams per kilogram with gas chromatography mass spectrometry at the University of Minnesota (Fuentes et al., 2005) .
In addition to the trials conducted in Michigan, E5011 was evaluated in regional trials in the 2008 Northern Uniform Winter Wheat Scab Nursery (a regional trial spanning multiple breeding programs in the eastern soft wheat breeding region north of Arkansas), the 2009 Uniform Eastern Soft White Winter Wheat Nursery, and the MSU Wheat Quality Testing of Advanced Lines project for the 2009 harvest coordinated by Dr. Perry Ng. Data from these additional trials are not reported here.
Quality Evaluations
From 2007 through 2010, a single sample of 400 to 500 g of each cultivar entered in a yield trial (AYT or MSPT) was obtained from a 1:1 mix of two yield trial location harvests in Michigan. Specifi cally, one replication of each entry of the MSPT and AYT was planted in a "quality" trial intended for harvest at each of the yield trial sites. Sites used for the mixture each year were selected for absence of preharvest sprouting and a minimum of other grain defects, such as for milling, and proximate analysis of fl our. Flour quality was assessed using solvent retention capacity (SRC; AACC approved method 56-11) and the micro sugar-snap cookie test (AACC approved method 10-52). Sampling and details of quality evaluations were identical to those previously described in the registration of Ambassador. Briefl y, the preferences for soft wheat quality are high fl our yield; high softness equivalent; low water, sodium carbonate, and sucrose SRC; large sugar-snap cookie diameter; and high top-grain score. Preferences for lactic acid SRC, which measures gluten strength, varies by end user.
Statistical Analyses
Michigan State University yield trials (PYT, AYT, MSPT) and associated FHB screening trials were planted in replicated α-lattice or randomized complete block designs. Before 2010, data from these trials were analyzed by residual maximum likelihood (Patterson and Thompson, 1971 ) using version 3.4 of the program REML (Thompson et al., 1982) , which considers locations and replications. In 2010 and following, the data were analyzed using the NNA (Nearest Neighbor Analysis) statistical tool in AGROBASE Generation II (Agronomix Software). Also, CVs and LSDs were determined using a P value of 0.05. When possible, trait data are presented as averages across years (3-yr averages except for yield, test weight, and grain moisture, for which 4-yr averages are presented), although not all traits were assessed in each year.
Characteristics
The majority of data presented below were collected from the MSPT. For ease of comparison between cultivars, only data of those present in all years 2006 through 2009 are included in Tables 1 through 5 . With the exception of DON data, the trial means, LSDs, and CVs reported were determined using data of the entire trial each year, of which the reported cultivars are a subset. For DON data, only lines that were advanced to the next year were included in the analyses, of which those lines reported here are a subset.
Agronomic and Botanical Description
At the seedling stage, Jupiter has white or clear (no anthocyanins) coleoptiles, a semierect juvenile plant growth habit. At the boot stage, the fl ag leaves are green, erect and not recurved, and twisted and have a waxy bloom. At anthesis, the anthers are purple. At maturity, Jupiter is short (86.0 cm, which is signifi cantly shorter than the majority of the cultivars in Table 1) , with culms lacking anthocyanin with a waxy bloom and a semisolid internode. The auricle lacks anthocyanins and only has a few long hairs on the margin. The upper internode of the rachis is slightly pubescent on the margin. The spike is middense, slightly tapering in shape, and awnletted. Glumes are glabrous, wide and short with square and wide shoulders and medium obtuse beaks, and bronze in color when harvest ripe. Jupiter has kernels that are white, soft, and ovate and have a rounded cheek, a medium noncollared brush, a narrow-to-medium cheek width, and a shallow-to-medium seed-crease depth.
Jupiter has been found to be uniform and stable in its performance in replicated yield trials, including 4 yr of ) and signifi cantly less than that of many cultivars in Table 2 . Jupiter's grain moisture at harvest (14.1%) was similar to the trial mean (14.3%), suggesting that it has an average date of maturity.
Disease Resistance
Jupiter has been characterized for several types of disease resistance in Michigan. The FHB incidence in Jupiter (72.4%) was higher than the 3-yr average of the MSPT MSPTs. Jupiter remains essentially unchanged in its primary and distinctive characteristics following sexual reproduction. Variants, although infrequent, have been observed as follows in breeder and foundation seed: white glumes, <0.2%; extreme talls (i.e., greater than 20 cm above the average height of the canopy), <0.1%; and awned, <0.02%. These variants are within commercially acceptable limits.
Field Performance
The fi eld performance of Jupiter will predominantly be compared with Ambassador and Caledonia because they are soft white wheats grown widely in Michigan in recent years. In the MSPTs, the fl owering date of Jupiter (154.3 d after 1 January) is later than the trial mean (153.7 d) and signifi cantly later than that of Ambassador (153.1 d, LSD 0.05 = 0.6 d), although it is similar to that of Caledonia (154.0 d) ( Table 1 ). The amount of lodging (5.3) is slightly higher than the 2-yr trial mean for this trait (4.8) and is not ). In the 2010 Northern Uniform Winter Wheat Scab Nursery (http://scabusa.org/pdfs_dbupload/ nuwwsn10_report.pdf; accessed 12 June 2012), Jupiter (identifi ed as E5011B in the trial) fi eld data and postharvest examination of Fusarium-damaged kernels showed that Jupiter's level of FHB resistance was not signifi cantly different than the highest mean in the trial.
Jupiter's responses to additional diseases are presented in Table 4 (62.5%), although it was not signifi cantly different from that of Caledonia (67.0%) or Ambassador (65.8%, LSD 0.05 = 10.3%) ( Table 3 ). The FHB severity of Jupiter (46.9%) was higher than the trial mean (40.1%) but was signifi cantly lower than that of Ambassador (56.7%, LSD 0.05 = 9.7%) and not signifi cantly different than that of Caledonia (53.4%). The FHB index of Jupiter (36.0%) was higher than the trial mean (28.3%) but was not signifi cantly different than Ambassador's (39.1 %) or Caledonia's (38.9%, LSD 0.05 = 8.0%). Knott et al. (2008) showed that although visual symptoms of FHB (e.g., incidence, severity, and index) are not infl uenced by grain color (red vs. white), the associated mycotoxin accumulation in white wheat is generally higher than in red wheat. Jupiter's average level of DON (11.3 mg kg -1 ) was higher than the trial mean (9.3 mg kg −1 , which includes both red and white wheat) and was significantly higher than that of many red wheat cultivars as well as two white wheat cultivars ('25W43' [PVP 200700370 of the weight of extracted fl our to the weight of milled grain and is expressed as a percentage. Jupiter's fl our yield (71.4 g 100 g −1 ) was higher than the trial mean (70.7 g 100 g −1 ) and signifi cantly higher than that of several other cultivars but not signifi cantly different from that of Ambassador (72.0 g 100 g ). The fl our protein of Jupiter (5.9 g 100 g −1 ) was lower than the trial mean (6.8 g 100 g −1 ) and was signifi cantly less than that of all other cultivars presented in Table 5 ). For cookies, a large diameter is preferred along with a high top-grain score. Top grain is a measure of cracking on the surface of the cookie (on a 0-9 scale, 9 is ideal). Both sugar-snap cookie diameter and top-grain scores for Jupiter were average. Solvent retention capacity can be conducted on fl our using several different solvents and refl ects different characteristics of & E. Henn.) data are presented. Samples of stem rust were collected from the fi eld in 2009, and the race QFCS was identifi ed in Michigan (2009 accessed 12 June 2012) . Though higher than average (2.6), stem rust infection in Jupiter (4.4) was similar to Ambassador's (4.9) and signifi cantly less than Caledonia's (5.5, LSD 0.05 = 1.1). For powdery mildew, Jupiter (1.8) was similar to the trial mean (2.4) and Ambassador (1.9, LSD 0.05 = 1.3) but had signifi cantly less than Caledonia (3.1). A single year of black point incidence suggests that Jupiter (2.9%) possesses a good level of resistance to black point, being signifi cantly better than several other cultivars, including 'MSU D6234' (PVP 200300259) and 'MSU D8006' (PVP 200500308) (28.0 and 27.7, respectively, LSD 0.05 = 13.9) , which are known to have high levels of susceptibility to black point.
Quality
Three-year averages of milling and baking-quality characteristics are presented in Table 5 . Flour yield is the ratio fl our quality. Water SRC is correlated with and intended to predict Farinograph water absorption. The water SRC for Jupiter (55.9 g 100 g −1 ) was higher than the trial mean (53.6 g 100 g −1 ) and was signifi cantly higher than for the majority of cultivars in ) was higher than the trial mean (67.6 g 100 g −1 ) and signifi cantly higher than for the majority of other cultivars. Sucrose SRC is a measure of pentosan content, which can strongly affect water absorption in baked products. Soft wheat fl ours for cookies typically have a target of 95 g 100 g −1 or less when used by the U.S. baking industry for biscuits and crackers. Jupiter sucrose SRC (81.2 g 100 g 
Availability
Jupiter is licensed by MSU to the Michigan Crop Improvement Association, 2901 Jolly Rd., Okemos, MI 48864. MSU is pursuing Plant Variety Protection for Jupiter. Small quantities of F 5 -derived seed for research purposes may be obtained from the corresponding author with a Material Transfer Agreement in accordance with the provisions of the Wheat Worker's Code of Ethics. Seed of Jupiter has been deposited in the National Plant Germplasm System, where it will be available for research purposes on expiration of PVP protection, 20 yr after the date of publication. 
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